Introduction
Low back pain (LBP) is one of important health problems affecting not only workers but also general population. The prevalence of LBP is related to the type of occupations such as driving, manual handling and occupations that involve a lot of improper body movements 1) . In developed countries, national surveys on LBP had been conducted, estimating the number of cases and the amount of compensation related to LBP. A report by American National Institute of Occupational Safety and Health (NIOSH) 2) revealed risk factors such as whole body vibration (WBV) and lifting 3) in association with LBP. In developing nations such as Malaysia, the risk factors of occupational LBP have been studied only recently and regulations on WBV and hand transmitted vibration were not yet well established. Therefore a nationwide study among commercial vehicle drivers, especially bus drivers, has been the attention of Malaysian government to evaluate the prevalence of LBP, determine the risk factors, and develop an intervention module in reducing injuries due to LBP since Malaysian bus drivers are prone to accident. A bus driver is a high-risk job with a variety of physical and psychological hazards [4] [5] [6] [7] . Many researchers have concluded that exposure to WBV, postural stress from awkward and sedentary positions may contribute to an increased risk of low back pain. Meta-analysis of 17 articles by Bovenzi and Hulshof 8) , confirmed the relationship between WBV and LBP. In addition, it has been shown that commercial drivers were prone to spinal injury due to physical load and psychological job factors 9, 10) . Therefore, we are conducting a national cohort study among commercial vehicle drivers including bus drivers to determine the prevalence of LBP, risks factors such as WBV, posture and psychological factors under the grant by Malaysian Government. This preliminary report is a part of the cohort study with the aim of determining the prevalence of musculo-skeletal disorders (MSD) including LBP and revealing their physical and psychological risk factors.
Subjects and Methods

Study background and design
A cross sectional study was done involving a total of 760 bus drivers from June 2004 to August 2005, in 6 states in the Peninsular of Malaysia, viz Selangor and the Federal Territory (central region), Kelantan (eastern region) and Perak, Penang and Kedah (northern region). A total of 11 bus companies participated in the study. The companies plied in Selangor and Federal Territory covers most of the central region including the capital city, Kuala Lumpur. The company in Kelantan plied the whole state. The Perak bus companies plied the northern and eastern parts of the state. Penang companies plied both the mainland and the island of Penang. Kedah companies plied both the eastern and the southern parts of the state. Figure 1 shows the map of Malaysia based on regions and areas where data were collected.
The largest company operated in central region where data was collected from 7 of the bus depots, while other companies from eastern and northern regions had only one bus depot each. The road surfaces plied by the buses vary from smooth road surfaces to rough road surfaces depending on the areas whether urban, suburban, rural, residential or industrial areas. In the central region, the buses operated mainly in urban areas, residential and industrial areas. While in the northern and eastern regions, the buses operated mostly in suburban and residential areas and not many operated in major towns such as Kota Bharu (Kelantan), Butterworth (Penang) and Alor Setar (Kedah). As rotation system was applied, the drivers did not exclusively drive the same buses or plied the same routes everyday. They will drive a different bus and ply different route on different days.
The study only involved bus companies that handle stage buses or local buses. A stage bus is defined as a bus that stops for every few minutes to take and release passengers and operated for only short distances (from one town to another town, from one village to another village and covered sub urban areas). Figure 2 shows the type of buses used in the central and northern region.
The road conditions in Malaysia vary depending on location, road age and maintenance. There are roads that are smooth and had good texture that provide quiet ride, and minimal splash and spray when it is raining and good visibility such as in urban and city areas. By contrast there are some rough roads due to age and insufficient maintenance, which can be seen in suburban and rural areas and places near to major construction site. In addition, in major cities there is a problem of road congestion which may force bus drivers to frequently brake and jerk as shown in Figs 
Questionnaire regarding low back pain and work factor
Questionnaires were distributed in the drivers' respective office and during their break from driving. Each of the drivers was briefed regarding the questionnaire and asked to fill in a consent form to participate in the study. They answered the questions under the observation and guidance of the research assistants. At the end of the session, each of the questionnaires was checked by the research assistant to verify that all the questions had been answered. Each session lasted approximately for 30 min.
The questionnaire included socio-demographic and background information such as ethnics, marital status, education level, monthly income, length of employment and working information such as duration of driving per day, driving hours per week, length of time to complete a single trip, total bus trips per day and duration of rest before the In categorical type of questions, the drivers were asked regarding their previous employment history and involvement in driving in previous employment. They were also asked about any part time job as driver after they had completed their routine work as a bus driver, assisting passengers in carrying their load, history of previous accident, peer support at work, regarding resting when tired and shift work. Questions on bus seats and bus work areas were also included such as seat adjustability, seat comfortness, steering wheel adjustment and perception of WBV exposure.
To obtain information on the risk factors, a set of selfadministered questionnaire translated into Malay language from the standardized Nordic questionnaire (SNQ) 11) , was used. The questionnaire also showed a body map diagram of 9 body parts divided into neck, shoulder, upper back, lower back, elbow, arm, hand, thigh, knee and leg so to assist the drivers in identifying the correct body parts in answering the questions. The questions utilized a simple phrase such as "Do you have any problem within the past 12 months (aching, pain and discomfort) at the areas?: 1) neck 2) shoulder 3) elbow 4) arm 5) upper back 6) lower back 7) hip and thigh 8) knee and leg."
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Profile of mood states
Profile of Mood States (POMS) 12) , was used to determine the relationships of mood states to low back pain. The POMS was translated into Malay language with a good reliability result (α Cronbach = 0.877, 0.936, 0.920, 0.856, 0.866, 0.783 for tension-anxiety, depression-dejection, anger-hostility, vigor, fatigue and confusion, respectively). Each of the participant filled in a total of 65 five point adjective rating scale of mood for the past one week. There are 5 scores for each of the mood namely 0 = none at all, 1 = a little, 2 = fair/average, 3 = a lot and 4 = excessive. Each of the drivers took approximately 20-30 min to finish the complete set of POMS.
Whole body vibration measurement
WBV was assessed on part of the subjects (132 drivers) in the three regions (northern, eastern and central) which covered 6 states; the state of Selangor and Kuala Lumpur, Kelantan, Perak, Kedah and Pulau Pinang. The measurement was done using Maestro human vibration meter (01DB-Metravib ® , Lyon) with a triaxial acceloremeter (0.4-1,000 Hz) which was compatible with ISO 2631-1 (human vibrations standard) and European Standard 13) . The acceleration in the three axes [lateral (X), anterior-posterior (Y) and vertical (Z)] was measured for a total duration of 25 minutes with an interval of 1 second for data logging. There were two main reasons in standardizing measurement for 25 min. The first reason was that the minimum time duration for a bus to finish a single trip was approximately 25 min and the maximum time duration for a trip was approximately 1 h and 25 min. The second reason was that there was only one human vibration meter available and therefore it was not possible to measure for a longer period of time due to the time constraint. A total of 143 WBV measurements were taken for the study. Due to instrumentation error such as low battery power during measurements, 11 measurements were omitted out from the study.
To determine the action level and exposure limit for 25 min exposure, the calculation of root mean square (r.m.s) was based on the formula used by the European Union Directive 13) . For r.m.s measurement unit, the action and exposure limit values are 0. 5 . The data were then processed using dBtrait32 ® software to determine the r.m.s for each axis. Standard operating procedure and calibration of Maestro human vibration meter were done it being used to maintain the quality control of each measurement.
Posture analysis
Posture analysis was conducted based on Ovaco analysis of working posture analysis (Owas) developed by Karhu et al. 14) , to evaluate awkward working posture. One hundred and forty three drivers were observed for WBV. Only back movement were assessed since much of the drivers' movement involved the torso. These included 1) bending forward 2) leaning 3) sitting straight and 4) twisting. Each observation was carried out for a single bus trip, defined as driving from the starting point, reaching at the destination and returning to the starting point. To ensure that analysis was done correctly, a video camera was used to capture the motion of the driver for the whole trip. The video was then analyzed for the frequency of the four movements for every 1 min. The limitation of this method was that observation was done only at the left-hand site of the bus driver due to limitation of space especially when the bus is full of passenger.
Statistical analysis
In addition to univariate analysis on measurements, logistic regression analysis was performed adjusted for age (yr), education ("No formal education" = 0 to "Post secondary" = 5, Table 1 ), income (RM) and home activities. (Continuous values or categorical answers of "Yes" = 1 and "No" = 0, Table 1 ) to determine the association between LBP with each of risk factors ("Yes" = 1, "No" = 0) using an answer to "Do you have any problems within the past 12 months (aching, pain and discomfort) at the areas?" for lower back as the dependent variable ("Yes" = 1, "No" = 0). Smoking and BMI were not included as confounders because of inconclusive results on the effects of LBP 15) . Statistical Package for Social Science (SPSS ® ) version 12.0.1 was used in data analysis.
Ethical clearance
The study had been approved by The Ethic Committee of the Faculty of Medicine and Health Sciences, Putra University of Malaysia.
Results
Demographic information of subjects is shown in Table  1 . From the 9 body parts questionnaires, the lower back had the highest complain of MSD (60.4%), followed by the neck, upper back, shoulder, knee, whole leg and hip and thigh (Table 2) . Complaints involving the arms and elbow showed lower prevalence rates of 17.5% and 10.8%, respectively (Table 2) . Table 3 shows that there are no significant differences in r.m.s magnitudes between the three regions except for r.m.s for Y axis. R.m.s average for all the three regions was found to be lower than the standard for 25 min exposure for X, Y and Z axis 16, 17) . Table 4 shows risk factors of LBP with results of logistic regression analysis. Postural analysis showed the highest percentage for sitting straight (45.9%), followed by leaning (27.32%). Awkward postures of both bending and twisting were the least i.e. only 19.55% and 7.34%, respectively.
With regards to the association between LBP and risk factors, there was no significant increased risk of LBP for r.m.s (X, Y and Z axes). POMS showed that all negative moods were significantly associated with LBP. Though none of the postures was significantly associated with LBP, awkward posture namely bending forward, showed a higher risk of developing LBP, while non awkward posture of leaning and sitting straight was found to be lower risks. The risk of developing LBP was significantly associated with the duration of employment as bus driver, perception exposure to vibration and steering wheel adjustability. The odds ratios for LBP increased with factors such as total bus trip per day, previous working experience, previous employment as bus driver, part time working, seat adjustability, carrying passenger load, previous history of accident and practicing shift work, though no significant association was observed. Other risk factors such as average driving hours, time taken to finish bus trip, average time given for resting, number of day given for rest, bus seat comfortness, peers support and decision to rest when tired did not increase the odds ratios for LBP.
Discussion
Prevalence of low back pain
The study showed a high prevalence of LBP among Malaysian bus drivers with the highest complain among 9 body parts. This finding is similar with Guo et al. 18) , who reported the highest prevalence of MSD in the transport industries among Taiwanese workers nonetheless the prevalence was much lower (27.9%) than the present study. In developed countries, Bovenzi and Zadini 5) and Anderson et al. 4) reported a high prevalence rate of LBP among urban bus drivers of 83.8% and 80.5%, respectively, whereas in developing countries such as Senegal, Mbaye et al. 19) reported the prevalence of LBP at 54%. Though the prevalence of LBP is high among Malaysian drivers, it was lower than reported by surveys in the developed countries 4, 5) . Some cases might have not been reported since drivers with low income and low education level were afraid to report any complain regarding MSD for fear of being terminated or taken into discipline their respective company (based on personal communication with bus management).
The high prevalence among Malaysian bus drivers can be attributed to excessive use of body part as reported by Guo et al. 18) and Pope et al. 20) that drivers are subjected to postural stress. When driving a bus, the use of shoulder, neck, upper and lower back and thigh are important since it is hard work and difficult to maneuver. With the long duration of driving of 10.5 hours per day, this leads to excessive use of body parts and prolonged sitting which increase the disadvantage for mobility, exertion of force, energy consumption, circulatory demands, coordination and motion control 20) .
Whole body vibration
Our study found that the r.m.s value for all axes did not exceed both action level and exposure limit value of ISO 2631-1 16) . The study showed that vibration originated from the Z axis had the highest magnitude. This confirms the observation of the dominant direction of WBV from Z-axis by Johanning 9) , Boshuizen et al. 21) , Bovenzi and Zadani 5) , and Malchaire et al. 22) . R.m.s showed that there was low risk of developing LBP from the exposure to WBV. The present study showed that level of WBV was lower compared with the reports by . Several studies had indicated the association between LBP and exposure to WBV 5, 6, 25) . The effect of vibration can be explained by the pathomechanism of Yamazaki et al. 26) that vibration increases production of matrix degrading and proteolytic enzymes, affecting the extracellular matrix metabolism of intervetebral disc cell; an exposure to 6 and 8 h of vibration would affect the proteoglycans pathway and aggrecan genes in the extracellular matrix.
One of the direct effects of WBV is muscle fatigue as it is shown that under several frequency of vibration (1.8 Hz, 4.0 Hz and 6.0 Hz), there is inclination of electromyography after 90 min of driving simulation 27) . The drivers in the present study may have the feeling of muscle fatigue, which was supported by the significant relationship between fatigue (POMS) and LBP. Also, the perception in regards to exposure to vibration may indicate the association between WBV and LBP.
There are studies that did not observed a strong relationship between LBP and WBV such as reported by Ling and Leboeuf-Yde 28) in their review of the epidemiological literatures relating LBP and WBV. They concluded that WBV may contribute to LBP but the evidence of dose response is weak. In addition, based on existing literatures it is not possible to establish whether WBV-exposure per se is capable of causing LBP, or if WBV constitutes a risk only in combination with other factors such as prolonged sitting and certain work postures. This study was not able to reveal a significant associations between WBV and LBP, possibly due to several reasons: 1) cross sectional design was used to determine the exposure level of WBV, 2) only a fraction (n = 143) of measurements were taken and not all bus drivers participated during WBV data collection, because only one equipment was available for the study.
Postural analysis and driving conditions
Postures such as forward bending, prolonged seating have been reported to cause LBP and lead to degenerative annular tears, acute discs herniation and instability [29] [30] [31] [32] . Our study showed that there were no significant associations between postures and LBP though several studies reported that postural stress to be an important risk factor for LBP 5, 23, 25) . Through observations, we had determined that sitting straight posture and leaning were the two most frequent postures adapted by Malaysian drivers, followed by bending and twisting; bending was found to be less than 30% permitted and not repetitive.
The effect of prolonged sitting had been proposed by Panjabi 33) , Van Dieen et al. 34) and Hodges and Moseley 35) , i.e. when one is seating, the lumbar spine is continuously in neutral zone and stabilizing function of muscles became more important than that the use of ligament and tendons. Since it was passive during driving, the lumbar spine is supported poorly and exposed to WBV and injury due to sudden impact 24, 36) . The present study showed that, Malaysian bus drivers were seated for less than 2 h on average for a single trip and they took an average of 20 min rest before starting another trip. This could have reduced the effect of prolonged sitting. The study also showed that seat comfortness significantly decreased the risk of LBP, which might have reduced awkward posture and postural stress. In the present study, the adjustability of steering wheel played an adverse role. Since the handling of bus is not exclusive to a driver, there was a possibility that the driver did not change the steering wheel height and sitting height, thus lead to improper seating and eventually increased the risk of LBP.
The frequencies of postures of bus drivers may be affected by an adaptation of posture to reduce LBP as suggested by Shirado et al. 1) , Hodges and Moseley 35) and Zedka et al. 37) that, to reduce pain, the erector spinae muscle remained inactive (flexion-relaxation response) 1) and muscle becomes stiff (pain adaptation model) limiting trunk muscle movement. Therefore, a high frequency of sitting straight and leaning posture might indicate adaptation in reducing the pain feeling. Also the drivers in the present study might have changed their usual driving style, with Hawthorne effect 38) in which they were performing the right method of driving and increase awareness due to being constantly observed. We were not able to eliminate this biasness due to the limitation of space especially during peak time where most busses were full of passengers.
Psychological factors
Evan and Johansson 39) suggested that urban bus driver is an unhealthy occupation with psychological and environmental characteristic that can lead to illness. This involves high density of traffic and bus stops, frequent and simultaneous execution, compulsory body posture and exposure to vibration and noise 40) . Our study demonstrated that all negative moods were significantly associated with LBP. This finding had been supported by several researchers such as by Issever et al. 41) that bus drivers with LBP complain tend to have higher somatization, obsessive-compulsive traits, interpersonal sensitivity, depression, anxiety, anger-hostility, paranoid and psychoticism compared with those without any complain of LBP. It was noted that psychological factors such as distress, anxiety and fear of pain, low psychological job demand and low supervisor support are related to changes of the para-spinal activities among patients with LBP 34, 42) . The present study showed that work shift practice also increased the risk of LBP indicating psychological stress due to job rotation but high peer support and flexibility of resting time may reduce the risk of LBP.
The high negative mood profiles could be caused by high level of stress since bus drivers must complete and comply with bus schedule, providing good service to the passenger, and adhere to safe driving and endure to peak traffic condition. The level of cortisol, adrenaline, noradrenaline, catecholamines, heart rate and blood pressure were repeated to be significantly higher compared when they were inactive 7, 43, 44) . Previous studies by Bongers et al. 45) , Theorell 46) and Sauter and Swanson 47) had suggested the associations between psychological work characteristics and MSD; psychological work characteristics can influence biomechanical load through changes in posture, movement and exerted forces and this factors will trigger physiologic mechanism, such as increased muscle tension or hormonal excretion, which may in the long term lead to organic changes and develop MSD symptoms. Psychological factors may also change the ability of an individual to cope with illness and therefore influence reporting of MSD symptoms [44] [45] [46] .
Study limitation
The main limitation of the present study was that it was of cross sectional design and not all risk factors assumed as being important were predictive. WBV and posture assessments should have been done for all subjects. The results were also limited to male bus drivers among Malay ethnic group. As the present study was preliminary for our cohort study; risk factors for LBP will be revealed further when the study is completed.
Conclusion
The study showed that, for Malaysian bus drivers, negative moods are the main contributing factors in increasing the risk of LBP compared with physical risk factors. The study showed that exposure to WBV was lower compared with previous studies and were not associated with LBP. Awkward posture was not significantly associated with LBP because sitting straight and leaning were the two main postures adapted by the drivers. Working conditions such as length of employment, steering wheel adjustability and perception of WBV exposure were found to be associated with LBP while other work related factors such as load carrying, doing part time work, previous employment, previous experience in driving and history of accident increase the risk of LBP.
As demonstrated by Marras 48) , the risk factors for LBP, were not only physical risk ones but also psychological ones. Our study demonstrated that the risk factors of developing LBP do not rely solely on one factor.
